The seed material was introduced into the interior of the dialysis bag. Maximal spore populations were obtained within 10 to 12 days. Strains of C. botulinum type E and C. perfringens, known for their poor sporulation in conventional cultures, gave good spore crops in the dialysis bag. Some crops were of the order of 1010 and 10"1 viable spores per liter of medium. The spores produced in the dialysis bag were conspicuously large, particularly after incubation for 20 to 30 days. Observations of the characteristics of spores formed in telescoped bags indicate that two highly resistant strains of C. botulinum, 33A and 41B, were apparently less resistant to gamma rays than spores of the same strains produced in identical media in conventional cultures.
perfringens, and Putrefactive Anaerobe 3679 in dialysis sacs. J. Bacteriol. 85:126-133. 1963.- Concentrated cultures of spores of Clostridium botulinum type A (33A, 37A), B (41B, 51B), and E (strain VH), C. perfringens (strain E), and Putrefactive Anaerobe 3679 were prepared in intussuscepted cellulose dialysis tubing. The apparatus consisted of a telescoped cellulose bag immersed into a suitable sporulation medium in a large Pyrex tube. The initial inoculum was a heavy suspension in physiological saline solution of either vegetative cells or heat-shocked spores. The seed material was introduced into the interior of the dialysis bag. Maximal spore populations were obtained within 10 to 12 days. Strains of C. botulinum type E and C. perfringens, known for their poor sporulation in conventional cultures, gave good spore crops in the dialysis bag. Some crops were of the order of 1010 and 10"1 viable spores per liter of medium. The spores produced in the dialysis bag were conspicuously large, particularly after incubation for 20 to 30 days. Observations of the characteristics of spores formed in telescoped bags indicate that two highly resistant strains of C. botulinum, 33A and 41B, were apparently less resistant to gamma rays than spores of the same strains produced in identical media in conventional cultures.
1 Approved for publication as paper no. 2222 Propagation of bacteria in cellophane tubes immersed in an appropriate nutrient medium results in vigorous growth and concentration of macromolecular products and cells in a confined environment (Gallup and Gerhardt, 1961) . Toxigenic strains of Clostridium botulinum and C. tetani have been grown in dialysis sacs because of the high titers of toxin produced in a restricted volume in this system Wentzel, Sterne, and Polson, 1950; Vinet and Fredette, 1951; Fredette and Vinet, 1952; Gerwing, Dolman, and Arnott, 1961) . Media enriched with corn-steep liquor especially stimulate abundant vegetative cell growth, including the synthesis of high titers of botulinum toxins (Lamanna, Eklund, and McElroy, 1946; Polson and Sterne, 1946) .
The formation of bacterial spores in dialysissac cultures has not previously been reported. In this laboratory, it was observed that under certain conditions large yields of spores may be obtained from various species of clostridia, including some which are known for their poor sporulation properties. This paper describes the apparatus, media, spore yields, and some properties of spores produced in dialysis-sac cultures.
MATERIALS AND METHODS
Bacterial strains. The bacterial strains included C. botulinum 33A, 37A, 41B, and 51B, the sources and radiation-resistance characteristics of which were reported by Anellis and Koch (1962) ; C. botulinum type E strain Dolman VH; Putrefactive Anaerobe (PA) 3679; and C. perfringens, strain E3.
Media. The following media were tested for their ability to support sporulation: (i) the corn "steepwater" fluid medium of Sterne and Wentzel (1950) ; (ii) the medium of Stewart (personal communication) that contains 6.5 % Trypticase (BBL), 1.0% peptone, 0.25% NaCl, 0.25% The apparatus consisted essentially of a telescoped cellulose bag immersed into the sporulation medium in a large Pyrex tube (Fig. 1) .
Description of the culture apparatus. Glass culture tubes (Pyrex) with lips and mediumweight walls were used in two sizes: small (400-mm length by 50-mm outside diameter) and large (500-mm length by 65-mm outside diameter Seed materials. (i) Vegetative cells: 30-ml cultures were transferred serially at 2-hr intervals to obtain vigorous vegetative growth, and inoculated into 350 ml of the appropriate medium. Young cells (5 to 6 hr old) were centrifuged and resuspended in 50 ml of sterile saline solution.
(ii) Spore seed: spores were derived from crops produced in viscose-bag cultures. The spores were either the entire unwashed saline-dialyzed culture or thrice-washed spores resuspended in a final volume of 50 ml of saline. Spore suspensions were in all instances (excepting C. botulinum type E) heat-shocked at 80 C for 10 min to kill residual vegetative cells and to activate the spores to germination. The seed culture was transferred aseptically to the intussuscepted cellophane sac by means of a sterile 50-ml pipette. . j . C s ; i . S . . . . . . , . S K ; ' t°Z " t s°' , , , : . : t . B . . : : . -1 W a X . . . . . 5 R i , . l . . " ' : : r t ' v . . , . ! . . . . *'.] :: ,* :-, :
. . . . R . : : i x X .. (Wynne, Schmeiding, and Daye, 1955) broth. Growth in the medium was usually completed by 14 days, but cultures were kept under observation at 30 C for 6 weeks. The most probable number of viable spores was calculated from the statistical tables of Fisher and Yates (1953) .
Toxin assay. Botulinum toxin in dialyzed supernatant fluids was assayed by duplicate intraperitoneal injections into white mice (16 to 20 g). A positive reaction was indicated by death of the mice within 4 days. The specific types of toxin were confirmed by toxin-antitoxin neutralization tests. Tenfold serial dilutions were made of the dialyzed supernatant fluids in a gelatin-phosphate diluent (Naylor and Smith, 1946) . Gelatin protein appears to minimize inactivation of the toxin, reduce pyrogenic reactions, and potentiate the effect of botulinum toxin Boor, Tresselt, and Shantz, 1955) .
Radiation resistance of Clostridium botulinum spores produced in dialysis sacs. Spore crops produced in conventional cultures were compared with those produced in telescoped viscose tubes. The broth of Wagenaar and Dack was used as the sporulating medium in both instances. Approximately 104 viable spores, suspended in 1-ml volumes of phosphate buffer and using ten replicate tubes per dose, were irradiated with spent fuel rods at the Argonne National Laboratory Gamma Irradiation Facility. The methods of irradiation and evaluation of results were those described by Anellis and Koch (1962) .
RESULTS
Three formulations of Trypticase-containing media promoted the formation of remarkable numbers of spores of C. botulinum 37A. Furthermore, saline-dialysis sac cultures contained sizeable amounts of preformed botulinum toxin. A corn "steepwater" medium of Sterne and Wentzel (1950) (Table 2) . Bio-assay of a number of preparations of the crude, "spore-free" botulinum toxin in the growth medium gave titers of 10,000 Table 3 . The number of spores harvested after 5 to 24 days from the dialysis bag was nearly 100-fold higher than the number of spores produced by the conventional method in this medium. This broth gave abundant growth and produced 100,000 minimal lethal doses (MLD)/ml of botulinum toxin in 3 days of incubation. The toxin degraded to 1,000 MLD at the end of 24 days. This was apparently due to the relatively high pH in the medium (pH 8.0 to 8.15), since it is known that botulinum toxin is not stable in alkaline solutions (Bronfenbrenner and Schlesinger, 1924) . However, the increase in alkalinity in the "spent" medium did not interfere with the sporulation process. (1962) . D values, i.e., the doses required to kill 90% of the population, were determined in duplicate experiments for 10-day-old spores of C. botulinum 33A and 41B, two of the most radiationresistant organisms of their respective types (Anellis and Koch, 1962) . The data (Table 5) indicate that both strains of spores produced in the dialysis sac exhibited a somewhat reduced resistance to radiation as compared with conventionally produced spores; the resistance of 33A decreased by 26%, and that of 41B by 18%. The reasons for the reduced resistance of the dialysis-bag harvests are not yet clear.
DISCUSSION
Abundant spores of clostridia can be produced in cellophane casing immersed in an appropriate nutrient medium. The technique reduces the hazard involved in handling large volumes of toxigenic C. botulinum cultures, and eliminates laborious centrifugations required for harvesting of spores by the conventional method. Furthermore, the technique is suitable for the production of spores of some clostridia known for their poor sporulation in conventional cultures, such as C. botulinum type E and C. perfringens.
The events leading to the formation of bacterial spores in the dialysis-sac system are not yet understood. The properties of the dialysis membrane suggest at least four factors which may be involved in sporogenesis in this environment: (i) selective supply of low molecular size (mol wt <13,000) nutrient compounds through the ultrafine pores (0.0024 to 0.003 ,I) of the dialysis membrane; (ii) accumulation of macromolecular metabolic products which may contain some agent(s) essential for the triggering of abundant sporogenesis; (iii) removal of low molecular weight metabolic waste products from the confined growth environment, which might normally interfere with sporogenesis; and (iv) the equilibrium rates involved in diffusion of materials across the dialysis membrane and, perhaps, affecting the chemical equilibria of metabolic processes within the bag.
In any event, the dialysis-bag technique seems to offer a challenging system for the study of physiological and chemical changes during sporulation occurring in the complete absence of any contact with the macromolecuar constituents of complex nutrient media.
